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Malaria causes approximately one million fatalities per 
year, mostly among African children. Although highlighted 
by the strong protective effect of the sickle-cell trait, the 
full impact of human genetics on resistance to the disease 
remains largely unexplored. Genome-wide association (GWA) 
studies are designed to unravel relevant genetic variants 
comprehensively; however, in malaria, as in other infectious 
diseases, these studies have been only partly successful. 
Timmann et al. identified two previously unknown loci 
associated with severe falciparum malaria in patients 
and controls from Ghana, West Africa. They applied the 
GWA approach to the diverse clinical syndromes of severe 
falciparum malaria, thereby targeting human genetic variants 
influencing any step in the complex pathogenesis of the 
disease. One of the loci was identified on chromosome 1q32 

within the ATP2B4 gene, which encodes the main calcium 
pump of erythrocytes, the host cells of the pathogenic 
stage of malaria parasites. The second was indicated by an 
intergenic single nucleotide polymorphism on chromosome 
16q22.2, possibly linked to a neighboring gene encoding the 
tight-junction protein MARVELD3. The protein is expressed 
on endothelial cells and might therefore have a role in 
microvascular damage caused by endothelial adherence 
of parasitized erythrocytes. They also confirmed previous 
reports on protective effects of the sickle-cell trait and blood 
group O. Their findings underline the potential of the GWA 
approach to provide candidates for the development of 
control measures against infectious diseases in humans. 
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genome-wide association study indicates two novel resistance loci for severe malaria

Some children experience severe clinical disease when 
they are vaccinated against tuberculosis, an attenuated 
live vaccine that is normally innocuous in humans. Several 
germline mutations have been identified that account for 
this susceptibility, and now Bogunovic et al. add another to 
the list – ISG15. Uncovering this mutation, which is inherited 
in an autosomal recessive manner, was a surprise because 

studies with mice deficient in ISG15 showed enhanced 
susceptibility to some viral, but not bacterial, infections. 
Nevertheless, patients lacking ISG15 were not able to 
produce adequate amounts of interferon-gamma, a cytokine 
critical for clearance of the bacteria.
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Eitan Israeli

capsule

germline mutations account for susceptibility to tuberculosis vaccine 

the stupid neither forgive nor forget, the naive forgive and forget,  
the wise forgive but do not forget

Thomas Szasz (1920-2012), American psychiatrist and academic
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Transplantation studies in mice and rats have shown that 
human embryonic stem cell-derived cardiomyocytes (hESC-
CMs) can improve the function of infarcted hearts, but two 
critical issues related to their electrophysiological behavior 
in vivo remain unresolved. First, the risk of arrhythmias 
following hESC-CM transplantation in injured hearts has not 
been determined. Second, the electromechanical integration 
of hESC-CMs in injured hearts has not been demonstrated, so 
it is unclear whether these cells improve contractile function 
directly through addition of new force-generating units. Shiba 
and team used a guinea-pig model to show that hESC-CM 
grafts in injured hearts protect against arrhythmias and can 
contract synchronously with host muscle. Injured hearts 
with hESC-CM grafts showed improved mechanical function 

and a significantly reduced incidence of both spontaneous 
and induced ventricular tachycardia. To assess the activity of 
hESC-CM grafts in vivo, the authors transplanted hESC-CMs 
expressing the genetically encoded calcium sensor, GCaMP3. 
By correlating the GCaMP3 fluorescent signal with the host 
ECG, they found that grafts in uninjured hearts had consistent 
1:1 host–graft coupling. Grafts in injured hearts were more 
heterogeneous and typically included both coupled and 
uncoupled regions. Thus, human myocardial grafts met 
physiological criteria for true heart regeneration, providing 
support for the continued development of hESC-based 
cardiac therapies for both mechanical and electrical repair. 

Nature 2012; 489: 322
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human es-cell-derived cardiomyocytes electrically couple and suppress arrhythmias in injured hearts

where the light is brightest, the shadows are deepest
Johann W. von Goethe (1749-1832), German poet, dramatist, novelist and philosopher 
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Neutrophil extracellular traps (NETs) are released as 
neutrophils die in vitro in a process requiring hours, 
leaving a temporal gap that invasive microbes may exploit. 
Neutrophils capable of migration and phagocytosis 
while undergoing NETosis have not been documented. 
During Gram-positive skin infections, Yipp et al. directly 
visualized live polymorphonuclear cells (PMNs) in vivo, 
rapidly releasing NETs, which prevented systemic bacterial 
dissemination. NETosis occurred during crawling, thereby 
casting large areas of NETs. NET-releasing PMNs developed 
diffuse decondensed nuclei, ultimately becoming devoid 
of DNA. Cells with abnormal nuclei showed unusual 

crawling behavior highlighted by erratic pseudopods and 
hyperpolarization consistent with the nucleus being a 
fulcrum for crawling. A requirement for both Toll-like receptor 
2 and complement-mediated opsonization tightly regulated 
NET release. Additionally, live human PMNs injected into 
mouse skin developed decondensed nuclei and formed 
NETS in vivo, and intact anuclear neutrophils were abundant 
in Gram-positive human abscesses. Therefore early in 
infection NETosis involves neutrophils that do not undergo 
lysis and retain the ability to multitask. 

Nature Med 2012; 18: 1386
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infection induced netosis is a dynamic process involving neutrophil multitasking in vivo

Acquired resistance to anticancer treatments is a substantial 
barrier to reducing the morbidity and mortality that is 
attributable to malignant tumors. Components of tissue 
microenvironments are recognized to profoundly influence 
cellular phenotypes, including susceptibilities to toxic insults. 
Using a genome-wide analysis of transcriptional responses 
to genotoxic stress induced by cancer therapeutics, Sun and 
co-authors identified a spectrum of secreted proteins derived 
from the tumor microenvironment that includes the Wnt 
family member wingless-type MMTV integration site family 
member 16B (WNT16B). The authors determined that WNT16B 
expression is regulated by nuclear factor of κ light polypeptide 

gene enhancer in B cells 1 (NF-κB) after DNA damage and 
subsequently signals in a paracrine manner to activate the 
canonical Wnt program in tumor cells. The expression of 
WNT16B in the prostate tumor microenvironment attenuated 
the effects of cytotoxic chemotherapy in vivo, promoting 
tumor cell survival and disease progression. These results 
delineate a mechanism by which genotoxic therapies given 
in a cyclical manner can enhance subsequent treatment 
resistance through cell non-autonomous effects that are 
contributed by the tumor microenvironment.

Nature Med 2012; 18: 1359
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rinderpest eradication: appropriate technology and social innovations

no great discovery was ever made without a bold guess
Isaac Newton (1642-1727), English physicist, mathematician, astronomer, natural philosopher,  

alchemist and theologian, “considered by many to be the greatest and most influential scientist  
who ever lived.” Newton described universal gravitation and the three laws of motion
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The Cancer Genome Atlas Network analyzed primary 
breast cancers by genomic DNA copy number arrays, DNA 
methylation, exome sequencing, messenger RNA arrays, 
microRNA sequencing and reverse-phase protein arrays. 
The ability to integrate information across platforms 
provided key insights into previously defined gene 
expression subtypes and demonstrated the existence of 
four main breast cancer classes when combining data from 
five platforms, each of which shows significant molecular 
heterogeneity. Somatic mutations in only three genes 
(TP53, PIK3CA and GATA3) occurred at > 10% incidence 
across all breast cancers; however, there were numerous 
subtype-associated and novel gene mutations including 
the enrichment of specific mutations in GATA3, PIK3CA and 
MAP3K1 with the luminal A subtype. The team identified 
two novel protein expression-defined subgroups, possibly 

produced by stromal/microenvironmental elements, 
and integrated analyses identified specific signaling 
pathways dominant in each molecular subtype including 
a HER2/phosphorylated HER2/EGFR/phosphorylated 
EGFR signature within the HER2-enriched expression 
subtype. Comparison of basal-like breast tumors with 
high-grade serous ovarian tumors showed many molecular 
commonalities, indicating a related etiology and similar 
therapeutic opportunities. The biological finding of the four 
main breast cancer subtypes caused by different subsets of 
genetic and epigenetic abnormalities raises the hypothesis 
that much of the clinically observable plasticity and 
heterogeneity occurs within, and not across, these major 
biological subtypes of breast cancer.

Nature 2012; 490: 61
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comprehensive molecular portraits of human breast tumors

i want to put a ding in the universe
 Steve Jobs (1955-2011), American pioneer of the personal computer revolution. Co-founder and  

CEO of Apple Inc., he initiated the development of the iMac, iTunes, iPod, iPhone, and iPad, and on the  
services side, the company’s Apple Retail Stores, iTunes Store and the App Store. He has been called  

a “visionary,” the “Father of the Digital Revolution,” a “master of innovation” and a “design perfectionist” 
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Assessment and characterization of gut microbiota has 
become a major research area in human disease, including 
type 2 diabetes, the most prevalent endocrine disease 
worldwide. To carry out analysis on gut microbial content 
in patients with type 2 diabetes, Qin et al. developed 
a protocol for a metagenome-wide association study 
(MGWAS) and undertook a two-stage MGWAS based on 
deep shotgun sequencing of the gut microbial DNA from 345 
Chinese individuals. The authors identified and validated 
approximately 60,000 type 2 diabetes-associated markers 
and established the concept of a metagenomic linkage group, 

enabling taxonomic species-level analyses. MGWAS analysis 
showed that patients with type 2 diabetes were characterized 
by a moderate degree of gut microbial dysbiosis, a decrease in 
the abundance of some universal butyrate-producing bacteria, 
and an increase in various opportunistic pathogens, as well as 
an enrichment of other microbial functions conferring sulphate 
reduction and oxidative stress resistance. An analysis of 23 
additional individuals demonstrated that these gut microbial 
markers might be useful for classifying type 2 diabetes.

Nature 2012; 490: 55
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a metagenome-wide association study of gut microbiota in type 2 diabetes

Epstein-Barr virus (EBV), which has been associated with 
B cell lymphomas, gastic carcinomas, and nasopharyngeal 
carcinoma, may be responsible for 1% of all human cancers. 
Arvey and co-workers have pooled data from nucleosome 
positioning maps and viral protein-binding analyses with more 
than 700 publicly available high-throughput sequencing data 
sets from human lymphoblastoid cell lines to generate a large-
scale functional genomics atlas of the virus. Although much 
of the data were already publicly available, it was scattered, 
and has now been integrated in a highly usable form. Their 
analysis revealed possible regulatory domains within the viral 

genome and combinatorial control of viral gene expression 
by human transcription factors. There were also indications 
of three-dimensional organization, including loop formation 
between the viral origin of latent replication and latent 
membrane proteins 1 and 2, linked by human transcriptional 
repressor CTCF and cohesin. B cell specificity factor Pax5 
was shown to bind to EBV terminal repeats, and depletion 
experiments showed that Pax5 is involved in the regulation of 
EBV transcription during latent infection. 

Cell Host Microbe 2012; 12: 233
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an atlas of epstein-Barr virus

discovery consists of seeing what everybody has seen and thinking what nobody has thought 
Albert Szent-Györgyi (1893-1986), Hungarian physiologist who won the Nobel Prize in 

Physiology/Medicine in 1937. He is credited with discovering vitamin C and the components and 
reactions of  the citric acid cycle. He was active in the Hungarian Resistance during World War 



editOrials

 689

IMAJ • VOL 14 • nOVeMber 2012

prognosis warrants a careful wait-and-
see approach. Once optimal medical 
therapy is instituted, the patient will 
have a “window of opportunity” to 
improve before committing to invasive 
procedures such as implantable cardio-
verter defribrillator or device implant, 
valve surgery, among others. 
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is a virulent pathogen that induces rapid host death. 
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encoding the kinase RIP3 prevented the death of wild-
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macrophages, which cannot undergo necroptosis, had 
similarly less death and enhanced control of S. typhimurium 
in vivo. Thus, we propose that S. typhimurium induces the 
production of type I interferon, which drives necroptosis 
of macrophages and allows them to evade the immune 
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Lung squamous cell carcinoma is a common type of lung 
cancer, causing approximately 400,000 deaths per year 
worldwide. Genomic alterations in squamous cell lung 
cancers have not been comprehensively characterized, 
and no molecularly targeted agents have been specifically 
developed for its treatment. As part of The Cancer Genome 
Atlas, the team profiles 178 lung squamous cell carcinomas 
to provide a comprehensive landscape of genomic and 
epigenomic alterations. They show that the tumor type is 
characterized by complex genomic alterations, with a mean 
of 360 exonic mutations, 165 genomic rearrangements, and 
323 segments of copy number alteration per tumor. They 

find statistically recurrent mutations in 11 genes, including 
mutation of TP53 in nearly all specimens. Previously 
unreported loss-of-function mutations are seen in the HLA-A 
class I major histocompatibility gene. Significantly altered 
pathways included NFE2L2 and KEAP1 in 34%, squamous 
differentiation genes in 44%, phosphatidylinositol-3-OH 
kinase pathway genes in 47%, and CDKN2A and RB1 in 72% 
of tumors. We identified a potential therapeutic target in 
most tumors, offering new avenues of investigation for the 
treatment of squamous cell lung cancers.
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the only thing wealth does for some people is to make them worry about losing it
Antoine de Rivarol (1753-1801), French Royalist writer during the Revolutionary era
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Interleukin 17 (IL-17)-producing helper T cells (TH17 cells) 
are often present at the sites of tissue inflammation in 
autoimmune diseases, which has led to the conclusion that 
TH17 cells are main drivers of autoimmune tissue injury. 
However, not all TH17 cells are pathogenic; in fact, TH17 cells 
generated with transforming growth factor-β1 (TGF-β1) and 
IL-6 produce IL-17 but do not readily induce autoimmune 
disease without further exposure to IL-23. Lee et al. found 

that the production of TGF-β3 by developing TH17 cells was 
dependent on IL-23, which together with IL-6 induced very 
pathogenic TH17 cells. Moreover, TGF-β3-induced TH17 cells 
were functionally and molecularly distinct from TGF-β1-
induced TH17 cells and had a molecular signature that defined 
pathogenic effector TH17 cells in autoimmune disease.
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a child becomes an adult when he realizes that he has a right not only to be right but also to be wrong 
Thomas Szasz (1920-2012), American psychiatrist and academic
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Pregnancy is an intricately orchestrated process where 
immune effector cells with fetal specificity are selectively 
silenced. This requires the sustained expansion of immune-
suppressive maternal FOXP3+ regulatory T cells (Treg cells), 
because even transient partial ablation triggers fetal-specific 
effector T cell activation and pregnancy loss. In turn, many 
idiopathic pregnancy complications proposed to originate 
from disrupted fetal tolerance are associated with blunted 
maternal Treg expansion. Importantly, however, the antigen 
specificity and cellular origin of maternal Treg cells that 
accumulate during gestation remain incompletely defined. 
Rowe et al. show that pregnancy selectively stimulates 
the accumulation of maternal FOXP3+ CD4 cells with fetal 
specificity using tetramer-based enrichment that allows 
the identification of rare endogenous T cells. Interestingly, 
after delivery, fetal-specific Treg cells persist at elevated 
levels, maintain tolerance to pre-existing fetal antigen, and 

rapidly re-accumulate during subsequent pregnancies. 
The accelerated expansion of Treg cells during a secondary 
pregnancy was driven almost exclusively by proliferation of 
fetal-specific FOXP3+ cells retained from a prior pregnancy, 
whereas induced FOXP3 expression and proliferation of 
pre-existing FOXP3+ cells each contribute to Treg expansion 
during the primary pregnancy. Furthermore, fetal resorption 
in secondary compared with primary pregnancy becomes 
more resilient to partial maternal FOXP3+ cell ablation. Thus, 
pregnancy imprints FOXP3+ CD4 cells that sustain protective 
regulatory memory to fetal antigen. We anticipate that 
these findings will spark further investigation on maternal 
regulatory T cell specificity that unlocks new strategies for 
improving pregnancy outcomes and novel approaches for 
therapeutically exploiting Treg cell memory.
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Cancer cells are often aneuploid; that is, they have an 
abnormal number of chromosomes. But to what extent 
this contributes to the tumorigenic phenotype is not clear. 
Senovilla et al. found that tetraploidization of cancer cells 
can cause them to become immunogenic and thus aid in 
their clearance from the body by the immune system. Cells 
with excess chromosomes put stress on the endoplasmic 
reticulum, which leads to movement of the protein 

calreticulin to the cell surface. Calreticulin exposure in 
turn caused recognition of cancer cells in mice by the host 
immune system. Thus, the immune system appears to serve 
a protective role in eliminating hyperploid cells that must be 
overcome to allow unrestricted growth of cancer cells.

Science 2012; 337: 1678
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thy have been reported in the literature, 
including 2 associated with swine influ-
enza vaccine and 1 recent case associated 
with trivalent influenza vaccine [2]. To 
the best of our knowledge the present 
case is the first adult case reported for 
the 2010–2011 season suffering from tri-
valent influenza vaccine-associated optic 
neuropathy. The mean time between 
vaccination and onset of neuropathy is 
10 days [3]. Clinical symptoms (deterio-
ration of vision) in our patient occurred 
14 days after the trivalent influenza 
vaccination, supporting the temporal 
relationship between the vaccination 
and the optic neuropathy. 

The cause of post-infectious and 
post-vaccination neuropathy is not 
known. Several authors have proposed 
an autoimmune response elicited due to 
distinct sequence homologies of myelin 
basic protein and the proteins of sev-
eral viruses. It seems unlikely that this 
sequence homology is solely responsible, 
however, given the relative infrequency 
of post-viral and post-vaccination neu-
ropathy [4]. 

In recent years there has been grow- 
ing evidence regarding the role of immu-
nological adjuvants such as pristane, 
which are used to increase the protec-

tive and lasting immune response to 
the infectious antigen, in the formation 
of autoimmune/autoinflammatory 
diseases [5]. In our case, however, the 
vaccine did not contain an adjuvant. 
Allergic reactions to preservatives and 
other stabilizers of the vaccination 
formula have also been reported [5]. 
According to the hypothesis presented 
by Westfall and Root-Bernstein in 1986, 
three requirements need to be met in 
order to induce such a neuropathy: a) 
one antigen must be homologous with an 
active fragment of myelin basic protein, 
P2 protein, or another component of the 
central or peripheral nervous system; b) 
the second antigen must be a chemically 
complementary component analogous to 
bacterial adjuvants; and c) both antigens 
must be present and immunologically 
active in the host simultaneously. The 
hypothesis requires that the two agents 
interact before they are immunopro-
cessed. The probability of acquiring two 
complementary infections meeting the 
specifications listed above are very low, 
which is the reason why neuropathy does 
not develop in every person with viral or 
bacterial infection or after vaccination 
[1]. This hypothesis supports the practice 
not to vaccinate a patient showing signs 

of illness, because of a well-known link-
age between immunization during ill-
ness and post-vaccinational neuropathy.

The present case provides strong evi-
dence for a causal relationship between 
influenza vaccination and optic neuritis. 
We believe that in any case of unusual 
presentation of optic neuritis with no 
cause found on thorough clinical inves-
tigation, attention should be directed 
to the possibility of post-vaccination 
neuropathy.
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Although the human brain’s prefrontal cortex (PFC) has been 
studied for decades, theories about a valuation network and 
a cognitive control network – both hypothesized to reside 
in the PFC – have only recently emerged, and their precise 
distinction is still unclear. Furthermore, cognitive control, 
once considered a unitary construct, is now thought to 
fractionate into distinct executive functions whose neural 
correlates remain elusive. It is thus still an unanswered 
question how these processes map onto distinct or possibly 
overlapping sectors of the PFC. Glaescher and co-researchers 
applied several new statistical mapping approaches to a 
sample of 344 lesion patients that had received an array of 
neuropsychological tests of executive functions and value-
based decision-making. Background data regarding IQ, 

memory, and other cognitive functions within individual 
subjects were also analyzed. The authors described detailed 
maps of PFC regions that are essential for different executive 
functions. One set involving the dorsolateral PFC and the 
anterior cingulate cortex is associated with a common 
performance factor related to flexibly switching between task 
and response sets, a hallmark of cognitive control. Another 
set involving the orbitofrontal cortex, ventromedial PFC, and 
frontopolar cortex is involved in value-based decision-making. 
This study details the essential neuroanatomical substrates 
of some of the highest brain functions and provides insights 
about the extent to which they are distinct or overlap. 
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conduction velocity and a prolongation 
of distal motor latencies (the interval 
between the stimulus and the onset of 
the compound muscle action potential), 
while the motor conduction velocity is 
barely reduced. This indicates a dis-
proportionate distal-conduction slow-
ing typical to this disorder [4]. Nerve 
conduction velocity abnormalities are 
not restricted to the nerves, which are 
affected by palsy, but are found in a gen-
eralized pattern and even in muscles of 
asymptomatic gene carriers [4]. 

Whether our patient’s HNPP played 
a role in her severe rhabdomyolysis 
may only be speculated. In 2001, Brncic 
et al. [5] described a case of Salmonella 
infection-related rhabdomyolysis in 
a patient with Charcot-Marie-Tooth 
disease [5]. CK levels were 64,000 U/L. 
CMT  disease results in denervation 
and trophic and metabolic changes in 
nerves and muscles. Brncic and team 
[5] suggested that CMT might be a pre-
disposing factor to rhabdomyolysis and 
therefore might be of major significance 
in the development of this complica-

CMT = Charcot-Marie-Tooth

tion. Interestingly, duplication or dele-
tion of the same chromosomal region, 
which contains the gene for PMP22, 
leads to the development of CMT type 
1A or HNPP, respectively [4]. Although 
CMT and HNPP are related to a defect 
in the same protein, both disorders are 
different and there is no evidence for 
increased risk for rhabdomyolysis in 
either pathology. However, the exact 
role of PMP22 is still unknown, and it 
may be hypothesized that alterations 
in its expression could predispose to 
higher vulnerability toward intra- and 
extracellular electrolyte perturbations 
and calcium load in both CMT-1A and 
HNPP patients, resulting in rhabdo-
myolysis and elevated CK levels. The 
association between the two patholo-
gies described in this patient might 
seem weak; nevertheless, we believe 
that such a link does exist and should 
be further examined in animal models 
and clinical assessments.

Patients with HNPP are advised to 
avoid using excessive force, repetitive 
movements, and extreme or static joint 
positions. We also suggest that patients 

with HNPP consult a sports medicine 
specialist and routinely measure blood 
CK following increases in exercise 
intensity in order to detect abnormal 
signs that could precede rhabdomy-
olysis. 
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Immune recognition of protein antigens relies on the 
combined interaction of multiple antibody loops, which 
provide a fairly large footprint and constrain the size 
and shape of protein surfaces that can be targeted. 
Single protein loops can mediate extremely high affinity 
binding, but it is unclear whether such a mechanism is 
available to antibodies. Ekiert et al. report the isolation 
and characterization of an antibody called C05, which 
neutralizes strains from multiple subtypes of influenza 
A virus, including H1, H2 and H3. X-ray and electron 
microscopy structures show that C05 recognizes conserved 

elements of the receptor-binding site on the hemagglutinin 
surface glycoprotein. Recognition of the hemagglutinin 
receptor-binding site is dominated by a single heavy chain 
complementarity-determining region 3 loop, with minor 
contacts from heavy chain complementarity-determining 
region 1, and is sufficient to achieve nanomolar binding 
with a minimal footprint. Thus, binding predominantly with 
a single loop can allow antibodies to target small, conserved 
functional sites on otherwise hypervariable antigens.
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hollywood is a place where they’ll pay you a thousand dollars for  
a kiss and fifty cents for your soul

Marilyn Monroe (1926-1962), American actress, singer and cultural icon. In 1999 she was  
ranked the sixth-greatest female star of all time by the American Film Institute




